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point sampling limitations, and its lack of generalizability to broader surface areas.
Consequently, it is imperative to evaluate the accuracy of satellite-derived
precipitation products as viable alternatives to conventional field measurements.
Given that precipitation is influenced by the climatic conditions and physiographic
characteristics inherent to specific regions, this study aims to not only validate and
verify satellite precipitation products but also to examine the impact of temperature
and elevation on the efficacy of MERRA, TRMM, and CHIRPS satellite precipitation
products over a monthly scale from 2005 to 2019, utilizing data from 222 synoptic
stations located throughout Iran. The findings indicated that the root mean square
error for the TRMM, MERRA, and CHIRPS satellites was recorded at 23.8 mm, 30.6
mm, and 35 mm respectively, suggesting a superior performance of the TRMM
satellite in comparison to the other two products. Moreover, the results
demonstrated that the TRMM satellite consistently outperformed the other two
satellites across all temperature and elevation classifications. At elevations below
500 m and above 1500 m, as well as at temperatures less than 18 °C, MERRA
exhibited superior performance relative to CHIRPS, offering more accurate
estimations of actual precipitation. Overall, the results indicate that TRMM satellite
products may serve as a reliable substitute for observational data, as this satellite
not only demonstrates commendable performance in the assessment of satellite
products but also excels across varying elevation and temperature conditions.
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_ The Effect of Ground Elevation and Temperature on the Satellite Products

Extended Abstract

Introduction
ater is regarded as an essential resource for both biological and anthropogenic phenomena,

serving as the fundamental basis for the sustainability of life on planet Earth; Precipitation,
as a critical element of the hydrological balance and a pivotal component of the
hydrological cycle, significantly contributes to hydrological and meteorological research,
as well as the spatial and temporal distribution of accessible water resources. However,
given that precipitation is contingent upon climatic conditions and the physiographic
attributes of a region, substantial temporal and spatial variability in precipitation can
profoundly influence the environmental characteristics of distinct geographical locales,
thereby introducing considerable complexity in the assessment of precipitation on a larger
scale. Consequently, it is imperative to accurately estimate and measure precipitation
across extensive areas. Nonetheless, the measurement of precipitation at ground levels
poses considerable challenges due to the high variability of this parameter across both
spatial and temporal dimensions, coupled with the elevated costs and the scarcity of
monitoring stations, as well as the limitations of point measurements and the difficulties
in extrapolating to broader surfaces, which consistently present obstacles for researchers
engaged in hydrological and atmospheric investigations. Thus, the utilization of
precipitation products obtained via satellite technology to estimate precipitation data at a
regional scale, particularly in regions deficient in ground-based monitoring stations,
represents a novel solution. However, satellite-derived data are also subject to various
inaccuracies, including uncertainties in sampling, retrieval errors, and intrinsic errors
resulting from indirect measurements facilitated by remote sensing systems. Therefore, it
is essential to evaluate these satellite systems and verify the accuracy of their data prior to
application. To date, rainfall data derived from a multitude of satellite sources with
varying temporal and spatial resolutions have been disseminated, and in the past decade,
numerous studies have been conducted pertaining to these datasets. Additionally, a variety
of satellites are operational in this domain, including the TRMM, MERRA, and CHIRPS
satellites.

Methodology

In the present study, while assessing the validity of satellite precipitation products through
the application of the root mean square error (RMSE) statistical index and further
corroborating these findings via the success threshold matching index (CSI), we examined
the influence of temperature and altitude on the efficacy of precipitation products. The
analysis encompassed MERRA, TRMM, and CHIRPS satellites on a monthly basis,
covering the timeframe from 2005 to 2019, utilizing data from 222 synoptic stations
distributed across Iran.

Result

The empirical findings demonstrated that the root mean square error values for the TRMM,
MERRA, and CHIRPS satellites are 23.8, 30.6, and 35 mm, respectively, thereby indicating
the superior performance of the TRMM satellite in comparison to the other two. By
scrutinizing the success threshold index, it can be concluded that all three satellites exhibit
commendable and nearly indistinguishable performance, as evidenced by index values of
0.864, 0.797, and 0.776 for MERRA, TRMM, and CHIRPS satellites, respectively.
Furthermore, the results indicated that the TRMM satellite consistently outperforms the other
two satellites across all temperature and altitude classifications. Specifically, at altitudes below
500 m and above 1500 m, as well as temperatures under 18 °C, MERRA has demonstrated
superior performance relative to CHIRPS, thereby yielding more accurate estimations of actual
precipitation.

Discussion
The findings derived from this investigation align significantly with the studies conducted
across various global regions; for instance, Nazaft et al. from the synoptic station in Iran
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determined that the monthly precipitation estimations derived from the CHIRPS dataset
exhibited inferior performance relative to PCDR. Kikhosravi-Kiani et al. (2022), in their
evaluation of satellite products pertinent to Iran, demonstrated that TRMM exhibits
superior efficacy compared to CHIRPS. The collective outcomes of the investigations by
Asakre et al. (2014), Nagvi et al. (2014), Azizian and Amini (2019), Mohammadi and
Lashkari (2017), Pourali and Masah Bowani (2012), Jafarpour (2011), and Chen et al.
(2011) indicated that variations in temperature and altitude are significantly correlated
with fluctuations in precipitation.

Conclusion

In summary, the findings indicated that TRMM satellite products are viable alternatives
to observational data due to the satellite's superior performance in the assessment of
satellite products across all temperature classifications, thereby outperforming the other
two satellites.
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Figure 1. The spatial arrangement of chosen synoptic observation stations across the territory of Iran
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Table 2. Statistical methodologies and tabular indices employed within the scope of this investigation
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Figure 2. Research Flowchart
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Figure 4. Evaluation of the efficacy of TRMM satellite precipitation products through the application of assessment
metrics
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Figure 5. Evaluation of the efficacy of MERRA satellite-derived precipitation products utilizing assessment metrics
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Figure 6. The diagram of RMSE values of satellite products in different elevation classes
Lad LirloT g s 31 ya0li o w0liliad

\Yo



L ke e e

ol sloylgrle WY gaxe g oo yl wypw-Y-Y-Y
s e Olis il ples Slad ol 55 1y 5L loylsale &Y puame lat Sl e S0l slis (V) Jsir
Jos s oslsmbe 53 5l g ples Slib sl 53 TRMM 6l sale 8 tas oo 0LES sal ol RMSE. 5l
s 5655 Jes CHIRPS o8k 5l ze MERRA ol 5al ol S sl ax 53 VA 5 glales 55 ol o3 S
oyl gale 3l S il a5 WA 51 VL glales s Lol sl axils CHIRPS o8l 4 oo (s 25 RMSE

el 42315 MERRA o158l 4 o (6 26 3 ,50es CHIRPS

Cilzte gles Slib s baelsals (RMSE) lax Sl o Kl slie N J g

Isalo ol
B Koyl sl N
. TRMM CHIRPS MERRA b olab 3,
@l &b 2 i
(@Y
Yv Y/40 0V/AL YV/AY A5 \
to \4/1Y Yo/eY YA/0) \Y-Vo Y
04 Ye/0Y £o/VY YANA Yo-\A s
I \V/AA ACVAN YY/Yo0 VA=Y ¢
Vo \V/44 Y 4/AY Y/Vo YV-Y¢ (4
= WA Vasy Yoy NIRT] 1

Table 6. RMSE values of satellite products in different temperature classes
S yslailen das e OLES Cilie Sl Slib 5 1) beoylsale (last Sl e Sl sl s 03 (V) I

):'€-.’J§:i: e)‘}hlﬂ_}b QYWMWTRMM oﬂﬁlﬂ UZ'JL Jj..a:u bjg.l.a& ‘Q‘Wﬁ(v)g}gﬂ
CHIRPS J seams YU slales ;5 45 as 0 0L 50 MERRA 5 CHIRPS N g 4 b gy o (slals 500 .l
J sz (51,8 lw a5 YV 5l 2aS) ol slales 5o a5 caxsls MERRA U s 4 Cod (5 g 5 Shas
selin 3 Sas U\ﬁl.nmja‘sljfdﬁhﬂ a3 V) BOA by jo uaman ol ails (5 2p 5 Slas MERRA

el 3L 5 ol gale slas Slas Gl o) 8 Sl VY 5l S slales s Lol S yls

clis ples Slib 3 baejlsale (glast Slas e Silo ialie ls 500 VK&

60

50 \
Bas - T 5

30

T Y o

i — T ———".

Chirps

RMSE

Merra

0= —— TRMM
T T T T T T
- - o0 — = A
= = = I N <
24 o w o0 — o
= b = a
Temperature

Figure 7. The diagram of RMSE values of satellite products in different temperature classes

Las LirloT g (5 3 ya0li  dolikias

'



s ¥
N5 s Gl 5l Ol s sl is 53 48 S O se Slided b lask ) 3 sl ey zb
Gk sl SV pame 5 S b)) @ &S a5 (VFr ) OLes 5 cile Jle Olge &
i sl s i3, Ol 3 By S s oyl (sloesls 3l 030zl L CHIRPS 5 PCDR (slasfpals
gl s ol 435 CHIRPS & o (5 s 5,Skes PCDR o3l 46 gams ailabe il (asid oS
SlepsS w5 m Gblia 53 e3ls assame 53 8 S (o5 a4 Sl L laSid Glaesls 5 Shas 53 Jse Jole Olpe
a4 O0799) el 5 0Lge 3503 ik pasetS 5 35500 03 (558 Cus 5l oS and; Jled Gble 5 v ST
5l o3l LPERSIANN o3l 5t 55k N a5 Shas s on) o 18 5055 5 ool Ll o2 230 o
5l il Y s 3, Shas gLl U s b s ils O ) e 53 8l S0 s o8] slaosls
(o $oe 51 aS) Ul oS 5 Gan Y5oe B oe pliyl b 3bls) adi e bl L3 5 sl 0Lz PERSIANN
o Sles 5 a5 plals aes Jla,s 1 gl 5 Vb (Soees 5l 5 o n) slaesls 5 slolsale (2L
S 01l At 0Ll 5 bS] (sdan (slaslSan) Slale L (slaesls Sl eslizal L (1Y4A)
o pl 4y s I3 e s se 1) L S8 (ST 5 Sk s GG Jelps Ly, s e S oS ds S
Jolse 5 o05 oS Wil alas bl Ol il 53 08 Slask 035 inds s @ STole (b &S L
Jalse A cadlaie 53 500k slaslola Sy o8 as sl hele 3 S oo il 0L Dl aS 53 sage B SIS
b adR 5 AL gaailele Dous s a seelis ole o Ll a5 =l b 506 (6 e 5o S
el B o s Jolse b it 0L s i 5 el S adlie sl L s GG el ge 1B Sl il
TRMM- PERSIANN-CCS (closslpale 5L N puame LUl 4 (T+17) 0LSan 5 ' lins sy po
5 St s OF 3 VL 5 wlals il o ele oy sloulis ,s CMOROH 5 3B42RT V7
h 5038 sy ilse Dol s aeddl s 1 LT 5 Shes 5 ity YOVAT 0¥ (ladle b Ol ) ol
ol sale &Il s 31 Sty sy SUaol&agl b aglin 5315 &35 553V, CMOROH & Sidesy 4t
L S sk & PERSIANN (sl st amlons Sias 5 2255 oS s |, 55 CMORPH , TRMM
S bt sl e YV 0100 s Sl 3 TRMM ol sale 5l (Sims ST 3l 21330 plisl il 30
A los VL 5 e ila (sl e (s o Yoo B YF (S Dol l 3 e 5 013, 5 el o
Wl 03,55 i (5 S psb 4 (Steses ol 8 5l 0L TRMM (250 eV peams L5515 5k«
5 mbe Sl elie 3,2 100 em) v Sl gl CMORPH 2k oY g 1y Soenen iSTis
L3l Ol T e ol s 4 VL 5 wlale Glay ule slp e 000 B YY (S Slelis) s 5 @l
elsale ol sl RMSE  Blas 5l el evs GOve oo Sl 31, RMSE sli= PERSIANN s
5 TRMM ¢l RMSE Slis s arloe a0 les Joliie 53 e Yo em1000) WL Slelis )l s

1 Mousavi Dehghani

Lad irloT g (53 y40li  dolibias

'YV



e e

23 OLES eomen s b zele Sl Glaelde (gl e Voo oYY el o CMORPH
Sy CMORPH ; TRMM Sl 5 wial 63) s d> 5l i |, L2, PERSIANN-CCS s
PERSIANN i \+++ oW clelisyl 5 Olyie |y, CMORPH 5 TRMM 5§ oS s 1, Ui
b 3 0l s 1 3 Shee op e b slaelale oo 55 eslizal e Verr—0e Slelisl s Ll e
el el bt (Sop 0 Ol ppcse s st s (Jsd BB Sles ol el e a6l SYL 5 dlale
33 el 635 el gy 4 cilimee ey sla pelie 53 1y 3,5 TRMM olsale sls 0L slasel 55 5 o
TRMM- L &5 wsls 0Lz (Y V) 0l 5 ' Ol s 515 OLES b psEs e 1) s s Sles Sl
wes glaaels 53 Uil 0lse Hydro-Estimator (HYDRO) ; CMORPH .TRMM-3B42RT 3B42V7
WSl oS s S Ol (VoYW TOT 5 5 il o RalS Olienl sb s Uast ppslie 5 LT (slao S axdy (6 e S
SLE S L5 b Gl s 5 Ol O p S el b o (e olS gla Bk i Sl 5 ok s,
A S G ,m bl S Kl aS 35d e gt s bl goxin (a5l Yl da 5 O
St b sb 53 lea b aglie 53 50 S (ln il (s slos Dl et L3l o Wl e ids S0
VL glales cam 3 3 pd e L s 5 T s (I 4 e S sl T b 6516 sl
Nu«)}b@usj,\iuu;)pw«kﬁljasx;;ob;mw.xs&&Jkg%mu@l{é\ﬁ&gtﬁ el 53!
Gbla 5 53 4k 4 il e s T line b il Gble 53 5 3 g e 5 Cllas Sodan b
s jeite Sbsl e 51 iltse Jolgs & ccilise Sl ol as o 5 Lo il L Sk s hals
ot P ladlaie o (ol ol 6355 e o315 S Juad 5B 5 Qb g1l aln 5 O lagS) s i
Slos e s 53 pime gl 5 WSy Glos s G 55 s S e W) e ol ISl g S5 o
b ok ok 3 sl 55 0l (T0YY) 0LKen 5 Tgolke i 2,108 o Sl s 200 5
3 Sl 03 (b o arlone SFY 15 L 4S) Los 4 551 Sl o8 L3 S 0Ly LT el 2l Lo 2l 53
Lgia 5 oS (PSAT) b slos (B scml s o I ol 5 Ll el Oliag) el b (Ul 2l ilo sbolae
a8 b o JalS aaly cpl ol e glos 3 Ll eajls sy Les 5 L el 5o sl sl SO il
5Vl 3 pd e 3L e los 4 Cond (PDPT) i aai glos 5 s 0L o 55658 alaily o
Ll s 5 3l s il sles xSl 5 Wl LS AL o Sler aaly &S Ws S Olge (YY) LG
DRIV i sla s e 53 s sles wli oKke 04 0 S L sl b 4 s Wi, AL oS

! Hobushian

2Yo00 & Ahn

8 Hosseini-Moghari

4 Scaling Factor

5 Surface Air Temperature
Dew Point Temperature

" Gao

Lad irloT g (53 y40li  dolibias

YA



Od o S L ailis, L (3Ol 4 me cpl 4 kil lawsie oLl a sla o 0 55 4l5s, slos S0k 5 il
ool Sos oladllas 51 (g5l Lo 5 T (glaadly 15 55 o o S WU (slales 3 5 b o Rl oy slales 5o
oLl (Maeda et al., 2012 5 Chan et al., 2016 ¢Zhang et al., 2017) as 1ol Olgr ol o 3 ol
2oy BBt L 0y Las S s S 51 (TN 0hKes 5 e ol 5 ne Sler Sldalis
578 s it bl gles 5 s L o cmmen 5 e 4 SO lpe glos 5 Ld 550 o bLS
Ol 53 VL (glos 3 Lol el oo ol 33l Oltnss 53 O 0 8L &1, ks 0L o8 izl s (Y00 d) O, Kes
ol a8l e (gla it 51 (S heal] (glo3 45 38 Ol oY V) T VIS 55l 5 i L oo 288 Ll o
los & A Sl Soels 4 das o 0L ol Sladllas gl 3505 (Sl i slasliyss b 558 adal, oS
3 RIS Sde oS (Sab sl b sl Bl s S (Saals cnl opl pesdle ol Sz s oy55 L s
Lol Sldlas 3b das o 0lis elSan! 5155 Sode SVsb ool Lo gme glasls, gl o 1) 2alS Wy,
23800 Olgzr BLE Sk 2 VL s b 550 lasli g, g 585 ol Los (Rl 33l &S sl ol s o ) 5o
OHen 5T s o Olemr bl plod s 0SS 23U slwe & 5 Ll o B sl e b cpl I ol U
L2505 oo 53 GSMaP1; CMORPH (TRMM-3B42RT TRMM-3B42 slac;lsale sl 4 (Y+)A)
N gams (Y018) OLKen 5 ° adame 3,03 (g 5585 glas,slp TRMM-3B42 Jus & wis s 515
TRMM-sS Wsls 0lis 5 65 S Lol O sl swl o 55 |, CMORPH (PERSIANN .TRMM-3B42 _: L
s il SV pamee UL (YeY0) Oban 5 Tlhan wo)ls e 5L L Soaer o 2i 3B42
TRMM 3B42-V7 SM2RAIN-CCI PERSIANN-CDR PERSIANN .CMORPH CHIRPS ., ;2L
@t S wltsy, s s sl T8 5 e 3L eesss o, TRMM 3B42-RT 5 PERSIANN-CCS
0L 15 s ¢ slas,s1 PERSIANN-CCS ; PERSIANN-CDR <5 315 0l s o3 S il 1 0l
GSMaP ; GPM (IMERG) (slas,lsals e 25b <N pmme b5l 4 (YY) OKan 5 YU L sl
om ey 8 iy Dl 4 s At g b s G0k S 55 sy OIS s L able
b loslsale DY puams S35 Ll )l 7535 5 e Sl S bl s ele st bl ) SO E0L 5 B1S ns
Gl 53 edmy B85 5 L Gbls 13 eny 4 s SBPP 5 Slas odamy 31555 5 20l e Stes
Gloslsale &Y gama L3l ke 4 oS glandlan 53 (YY) OKan 5% LS 65 S 3 108 o il Slieea S
CHIRPS | «ylis 53 TRMM &8 £sls 0l 5 il s gilie s 4 sl ool 01l 528 (555

LAli

2 Berg

3 Herath & Sarukkalige
4Qin

5 Moazami

6 Mosaffa

" Tang

8 Keikhosravi-kiany

Lad irloT g (53 y40li  dolibias

AAR



e e

sl 55 CHIRPS 5L sleesls as gazes Sl oslanad U o 0 5 15 s e OLES 555 5l (6 2 5 Shas
Dl > SusL S shls (15 s w3l saelKams! sl CHIRPS &8 s amns ol &0 (555 50 L
W sl 035 Syl i |y had SL gyozms CHIRPS (Lo s 1 aas 3 5 o3ls 0L o llae ol
b sSinn (Stmad Les i o8 305 0L (Y1) 0LKea 5 ' «O0YAY) Gl rloe 5 ey Slalllan
b pedady el S ) pl by 5 Ll e elS A0L e des Ll L S sb s sls L Ol s
SIS S5 s S b)) S Jelye g5 48 Ln S 0l (0F ) O 56 Shas ol (555,52 Sl
Oy (VF20) OLn 5 (5585 ol 03,8 wald |y sk e 5l el jolie SIS 555 Slr g (plis ) aher
COYAY) g jin 3505 350 g ailaie 318 05 sla o li b 5L o (gbdld  Stean 5 lslins adal, 45 L5 S
o Al o Rl L Olpee it el 4 O Sy 5 Los (EalS s w0 plis) (5151 L oS ol it
(S skl s Yo Pl L Ghle 5 AL Lol e el ((1FAV) (6 S 5 (Gharme Dl G
YU Sl Slel 5 S Sl (el slaesls 4 S TRMM 204 <V pmms L3151 Jol> e
ke VO S i 5lie LCST el (VU slis piman el Ol ol aig (8 Jgames ol (63,551 5 (laesls
el G ol St e (slool&anl 53 old ol (glodalie 3l b laelpale cwesss polie sb jlan cali
55 oslsale 55 Y pama 4 o by 5 Shos i Sdind ¢S 5 0 L CHIRPS ol sl &Y yame CSI
235 Olo &S ol (VFe o) O Kan 5 ol Wl 1 ool azeat Uslias 55 i opl 5l ool aoets .ol 4zl
55 e 3 ,5hke gLls CSI asis jaxls ulul , PCDR (go)lsals & os CHIRPS (slaosls & sy
Ol on i cpl mls ulal ol s ol ool ples s L@ SLL 8 5 Lk sl asis
Sl Sl gl oLl sled 5s awlie s Slas SITRMM o)l sale DY soame ‘Cwﬁ‘\suf
G5 A O

3 Ses L5, s TRMM 5 MERRA CHIRPS (slaelsale 5L oV peams b yas cpens il iass 5o
oslizal L lale Sloy wlis 55 s YNA L Y000 Slojeyss b 55dS Lites sl YYY 55 25L& pames o]
@ 3 S s SV ame nl Uil 5 s 3 5 i atls y CSI S RMSE. b5l sl s S
5S o 53 TRMM slale ok glassls oo oS w0 Sy RMSE (LT jasls b vl
CHIRPS o/3als 45 5ls 0L mls iz ol a2dls (5 2 503 o)lgale 55 40 o 5 0 L350 o sllas
Coo & Sl OF Kby €SI cllan (asls b o oo ol (ol ails [ 5 Shee o thnss
olpale & 313 0Ll poman (el odd L5l glle 528 mhw s TRMM lale 55k slaesls
el a3l 1y 3 Shee oy ias CHIRPS

1Chen

Lad irloT g (53 y40li  dolibias

A



Sles Slib el s TRMM o)l sale o5 ol 0T Slo 350 ol sals N pamn gl 5 bos o)
WA sy labes 5 2 VO 51 mis 5 e O 5l S Olelis )l s E.\;Sda‘_}.a.cjfis oolsale 95 3z ol
el ol Gl A3l 2L 5l (6 e J)jTﬁjA.LilJCHIRPS @ s o573 ,Shes MERRA 1 8 sl a5
Slp ol 23Sl Olye & TRMM o3ls oL Sl 0155 oo s S s gla ol & a5 b oalg s
55 eslinad Ste SVsb slaesls 4 5L 5l pe eamen 5 esls BU bl LT BB sbla gl Slalia slaesls
el 3 Oliabl b 015 o Waosls (0352 555 & 365 5 25 Sl S0 Lo cmilin ()bl 0555 Jsb 4 a5 L
Sldllas 5wl ol (ulidln 5 o Cilres Slalas g o wliilon laolKasl glaosls SLS 5 Laesls
55 ekl S il bl )5 Jae

Je 31 eslizad b Slls, 3,50, .O0¥AQ) T ¢ Slma s g Sty A e csdeml
4 5 1635 30 4xllas) CMIP5 slaJe s CHIRPS (cle )l sals sla els Ll IHACRES
VN=R0A ((Y) OV Wl S of Sl (B BT w0385l
https://doi.org/10.22059/ijswr.2019.289144.668316

Jomnslezr Ol 53 (Ko sl 3L g Gl s slabs OF4))p (S5 5 oS Glsdal -
NPANYO ¥ ojled VF oy5s s L lef 5 g sel kit

TRMM (slasjlsale (2oL slaasls oy 2 OVAV) o podime 5 30568 T dion o -
GIS s oo Ul izt alms O\, 6 03 Lo 5 wlale &ilss, sla wlie 55 GPMy
CE¥0 () Vel

TRMM Glaesls olesl Lawsi (ool slie ol saal (0Y40) 6 mmdi b 5 e bbby -
i D] e 5 00 31 s e &S 05l MSG-SEVIRITIR 4 (TMI)
Sl ol OLT VA=A ¢ yes oo 3

sles ol i 3 Ul s e blie o (OFYAY) o Gl ples 5B e Joom -
CYAANAY ((F) YA oss (LB g e ST S YO TY=T N 6y 33 OlawlysT Okl 3L
https://doi.org/10.22059/jesphys.2013.35989

S ppsas s GPM 5oL oV same U551 L(VTAY) LG (58 sl 5 ol el & -

(NY W Ol Kt Ol o8 Jled 55 SMAP laesls 3l aslinad L St oy sb
https://dorl.net/dor/20.1001.1.20080336.1397.12.3.5.8 .A$ — V-«

Lad irloT g (53 y40li  dolibias

V¥



e e

Ol Ol o8l SlLanl qaamiy Sl (oelidaelil (VYAY) L g pinr -
sel oy ik e aslie (VYAA) L0 o (Sha 5 cp oo g3ai s e Hgms o ey -
ool 6350 addllas) e slaolKainsl laesls L LIs lsl, s GPM TRMM (slas )l sals |

PN A Vo rlicd ol (sl i (O o8 53 YN0 SIYA L YS [ S) 3

Si T G Gl (V) b ses S 5 e OB o0 g weslid s, -
(A OF Ol ) ST 5 ol Cléir O ) o, Jled bl 53 glolsale JiL &Y puas
https://doi.org/10.22059/ijswr.2022.345392.669311 Avf\-\Ys.

SEL palie e b5l 0TA0) & Ol 5 e Blosle cp 0L wp (Jss -
wolilai )l axlys ad 53 puns SlaelKanl ks o 5L s TRMM e 5,50
YAV=NA0 (O V8 (ol i olsd ins iy — ole

Ozl 53 (BC) sl 1 S sV ke e iy 5l 00 0) (S 505 Gy -
X ool (oa355 0355 s o sle NASAIMERRA-2 (slis Jute (slbaosls I sslizl |
https://doi.org/10.52547/envs.2021.33941 .\ YY -44

Jd ol lainl S la Shs s (T o Shee 5 g (23S lals -

YV = VIV (PO VA o Lbl i (glad i st — ade aslihad O ol O 6

B43 v 4 B42v (¢ o 01U slaesls el (1Y40) TS s e s o e Ol e -
TAYSYAY ((Y) YA s Lol s sla i Ol Bl slal s 53 TRMM 65l sals

Slaosls s Shas 1 o mlao 1S 55 5 ol il 5 36 .O0FA0) sl sl Obpse -

AONAS () VS oS le Clidii Ol maw s PERSIANN ol 5L

https://dorl.net/dor/20.1001.1.17352347.1399.16.1.7.1
ECMWFois 5L slaesls S 5 Sles (2l ((VFAA) o el Slae, ol Olsze -

AVV=AEY (D)0 Ol ol e Sliis s Sl S GSTSS e 5L b
https://dorl.net/dor/20.1001.1.17352347.1398.15.1.12.9.

Pl A S8 Jelse B i (VF) LB SU S s e Ol o Sl -
(VTY lma (i) ol 5 Ll a0l YL 501 lams Y o L BLISI )
https://doi.org/10.22108/gep.2021.127032.1395 \va-\fs

Sl (bt ol 5 [0 (OYAP) o (Sl S smpe 5 0 (Spmsn of o JlaS ol ilple -
g g p3 b o8

55 b s les jole S = Sbes la i (3l a1 .(VWAQ). 5 (o2 cpdelosliz b -
FEX Y oyl N oy lds L ilel 5 s aali g O )

Lad irloT g (53 y40li  dolibias

\YY


https://dorl.net/dor/20.1001.1.17352347.1398.15.1.12.9

J))Tﬁ J;)L' Lf'tﬂ))‘ E) M..iu.ﬁ (\YaA) Cﬁd.l.:f 9 ‘Cc‘j)L@.ﬁ ‘C‘LA‘J‘J}?T ‘C”beﬁ -
Wssle 4 csL s CHIRPS , PERSIAN-CDR.ERA-INtErim it b5 ot

TVA-YSY () 10 Ol o e i

https://dorl.net/dor/20.1001.1.17352347.1398.15.1.20.7

Ol e i8S 53 St 558 )y (0¥A4) L >l ‘.Ug;uwtw oo ol (S le -
Sty f iliiser (YAY=Y oV (g bl o555) MERRA-2/ NASA s 5L Jis L s
https://doi.org/10.22059/ijswr.2020.298505.668518 .YY+14-YY+Y (4) O\ i/ /

S s s s Sl LAl s GBS 8 SELOTAY) 2 S s S sdee -
XY W PO el (sl i YN0 el ¥ 55183 50 axdlas Ol )

ook DY s sl (VF0) ) g alid s 5 (b ses SR o OOl S seee -
Co e s sileddo 555 Slps Joba 15 53 S L3l slaslas; 5,50 g Slol5ale
AYY=V Y (%) Y 6593 Sl g ol b
https://doi.org/10.22108/gep.2021.127032.1395

ool oL wlisy ok 5550 33 b5l (\YAA) 6 (S8 3 p oo o (S T
S elige gy — ale w2 Ol 53 gledalie glaesls Llis 53 GPM 3 TRMM
AAY - qvy () W ol Copls
https://doi.org/10.22092/ijwmse.2018.121397.1469

Y pame 3 Shas L5l 0F0) g 5 ap @i S g s ol il -
ol ol ol s O\l 5> Y S gy 5 ol Bl 2 88 Ja 5o b 3L el
. https://dorl.net/dor/20.1001.1.17352347.1400.17.2.5.8 £Y-A\ (Y)\V

b S s el o L O ) 1 (o 5 e 6,8 e gbmds wp w558 -
CEV=0) (BN Dl Ol 5] i e 3 s S wilate 815 gla 5L

Slabe il OV s 5 Shes oLl ((VF0Y ) L QLS CE s O Omds -
_,,/'@Lu Clédi O ) Cilzses o3l ~15 53 PERSIANN-CDR ; TRMM 3B43 V7
YEV-YYV ) YA ol

https://dorl.net/dor/20.1001.1.17352347.1401.18.1.14.2https://www.sepehr.org
farticle_38617_0d704eleb68ffd59b77c36e5c79482df.pdf

- Ali, H., Fowler, H. J., & Mishra, V. (2018). Global observational evidence of strong
linkage between dew point temperature and precipitation extremes. Geophysical
Research Letters, 45(22), 12-320.

- Ahmadi, M., Dadashi Roudbari, A., & Deyrmajai, A. (2020). Runoff Estimation
Using IHACRES Model Based on CHIRPS Satellite Data and CMIP5 Models (Case
Study: Gorganroud Basin — Ag Qala Area), Soil and Water Research, 51(3): 659-
671. (In Persian)

Lad irloT g (53 y40li  dolibias

\FY



e e

- Alizadeh, A., Kamali, G., Mousavi Bayeghi, M. (2007). Weather and climatology,
Publications of Ferdowsi Mashhad University. (In Persian)

- Asakereh, H., Masoodian, A., Tarkarani, F. (2021). Variation in the Spatial Factors
Affecting Precipitation in Relation to the Decadal Changes of Annual Precipitation
in Iran, Geography and Environmental Planning, 32(3):129-146. (In Persian)

- Azizian, A., Amini, S. (2020). The Effect of Climate and Topographic Conditions
on the Performance of PERSIANN Family Products over Iran, Water Resources
Research, 16(1): 86-101. (In Persian)

- Azizian, A., Ramezani Etedali, H. (2019). Spatiotemporal Assessment of Reanalysis
and Remotely-Sensed Precipitation Datasets, Iran-Water Resources Research,
15(1): 163-177. (In Persian)

- Bayable, G., Amare, G., Alemo, G., Gashaw, T. (2021). Spatiotemporal variability
and trends of rainfall and its association with Pacific Ocean Sea surface temperature
in West Harerge Zone, Eastern Ethiopia, Environment System Research, 10:1-21.

- Berg, P., Haerter, J. O., Thejll, P., Piani, C., Hagemann, S., & Christensen, J. H.
(2009). Seasonal characteristics of the relationship between daily precipitation
intensity and surface temperature. Journal of Geophysical Research: Atmospheres,
114 (D18).

- Bihamta, A., Goharnejad, H., Moazami, S. (2018). Study of Precipitation Data of
GPM and TRMM Satellites in Daily, Monthly and Seasonal Scales at Tehran,
Remote Sensing and GIS ,10 (2): 45-60. (In Persian)

- Chan, S. C., Kendon, E. J., Roberts, N. M., Fowler, H. J., & Blenkinsop, S. (2016).
Downturn in scaling of UK extreme rainfall with temperature for future hottest days.
Nature Geoscience, 9(1), 24-28.

- Chen, W, Jiang, Z. and Li, L. (2011). Probabilistic projections of climate change
over China under the SRES A1B scenario using 28 AOGCMs, Climate, 24(17),
4741-4756.

- Mousavi Dehghani, A. M., Gohari, A., Zareian, M. J., & Haghighi, A. T. (2023). A
comprehensive evaluation of the satellite precipitation products across Iran. Journal
of Hydrology: Regional Studies, 46, 101360.

- Demirkesen, A., Evrendilek, F and Berberoglu, S. (2008). Quantifying coastal
inundation vulnerability of Turkey to sea-level rise, Environ Monit Assess, 138:101—
106, DOI 10.1007/s10661-007-9746-7.

- Dinku, T., Funk, C., Peterson, P., Maidment, R., Tadesse, T., Gadain, H. and
Ceccato, P. (2018). Validation of the CHIRPS Satellite rainfall estimates over eastern
Africa. Quarterly Journal of the Royal Meteorological Society, 144,292-312.

- Duan, Z., Liu, J., Tuo, Y., Chiogna, G. and Disse, M. (2016). Evaluation of eight
high spatial resolution gridded precipitation products in Adige Basin (ltaly) at
multiple temporal and spatial scales, Science of the Total Environment, 573:1536-
1553.

- Erfanian, M., Kazempour, S., Heidari, H. (2016). Calibration of TRMM satellite
3B42 and 3B43 rainfall data in climatic zones of Iran, Physical Geography Research,
48(2): 287-303. (In Persian)

- Funk, C., Peterson, P., Landsfeld, M., Pedreros, D., Verdin, J., Shukla, S., Huska,
G., Rowland, J., Harrison, L. and Hoell, A. (2015). The climate hazards infrared
precipitation with stations — a new environmental record for monitoring extremes,
Scientific Data, 2150066.

- Gao, X, Guo, M., Yang, Z., Zhu, Q., Xu, Z., & Gao, K. (2020). Temperature
dependence of extreme precipitation over mainland China. Journal of Hydrology,
583, 124595.

Lad irloT g (53 y40li  dolibias

VY



- Ghaedamini, H.A., Morid, S., Nazemosadat, M., Shamsoddini, A., Shafizadeh
Moghadam, H. (2021). Validation of the CHIRPS and CPC-Unified products for
estimating extreme daily precipitation over southwestern Iran, Theoretical and
Applied Climatology, 146:1207-1225.

- Gorjizadeh, A., Akhondali, A., Shahbazi, A., Moridi, A. (2019). Comparison and
Evaluation of Precipitation estimated by ERA-Interim, PERSIAN-CDR and
CHIRPS, Iran Water Resources Research, 15 (1): 267-279. (In Persian)

- Goshime, D.W., Absi, R., Haile, A.T., Ledesert, B. and Rientjes, T. (2020). Bias -
Corrected CHIRPS Satellite Rainfall for Water Level, Journal of Hydrologic
Engineering, 25 (9), 05020024.

- Herath, S. M., & Sarukkalige, R. (2018). Evaluation of empirical relationships
between extreme rainfall and daily maximum temperature in Australia. Journal of
hydrology, 556, 1171-1181.

- Hoboushian, M. P., Salio, P., Skabar, Y. G., Vila, D., & Garreaud, R. (2017).
Assessment of satellite precipitation estimates over the slopes of the subtropical
Andes. Atmospheric Research, 190, 43-54.

- Hosseini-Moghari, S. M., Sun, S., Tang, Q., & Groisman, P. Y. (2022). Scaling of
precipitation extremes with temperature in China’s mainland: Evaluation of satellite
precipitation data. Journal of Hydrology, 606, 127391.

- Jafarpour, A. (2002). Climatology, Publications of Tehran University, Tehran. (In
Persian)

- Keikhosravi-Kiany, M.S., Masoodian, S.A., Balling Jr, R.C., Darand, M. (2022).
Evaluation of Tropical Rainfall Measuring Mission, Integrated Multi-satellite
Retrievals for GPM, Climate Hazards Centre InfraRed Precipitation with Station
data, and European Centre for Medium-Range Weather Forecasts Reanalysis v5 data
in estimating precipitation and capturing meteorological droughts over Iran,
International Journal of Climatology, 42: 2039-2064.

- Logah, F., Adjei, K., Obouobie, E., Gyamfi, C., Odai, S. (2021). Evaluation and
Comparison of Satellite Rainfall Products in the Black Volta Basin, Environmental
Processes, 8:119-137.

- Maeda, E. E., Utsumi, N., & OKki, T. (2012). Decreasing precipitation extremes at
higher temperatures in tropical regions. Natural Hazards, 64, 935-941.

- Mahmoudi Babolan, S., Nastarani Amoghin, S., Rasoulzadeh, A. (2022). Evaluation
of satellite precipitation products for estimating heavy precipitation in the Caspian
coast, Water and Soil Management and Modeling, 2 (4), 107-122. (In Persian)

- Mekonnen, K., Manohar, N., Leh, M., Akpoti, K., Owusu, A., Tinonetsana, P.,
Hamouda, T., Ghansah, B., Prabhath, T., Munzimi, Y. (2023). Accuracy of satellite
and reanalysis rainfall estimates over Africa: A multi-scale assessment of eight
products for continental applications, Journal of Hydrology: Regional Studies,
49:101514.

- Meybeck, M., Green, P and Voérosmarty, C. (2001). A New Typology for Mountains
and Other Relief Classes, Mountain Research and Development, 21(1): 34-45.

- Miri, M., Rahimi, M., Noroozi, A. (2020). Evaluation and comparison of GPM and
TRMM daily precipitation with observed precipitation across Iran, Watershed
Engineering and Management ,11(4): 972-983. (In Persian)

- Moazami, S., Golian, S., Hong, Y., Sheng, C., Kavianpour, M.R. (2016).
Comprehensive evaluation of four high-resolution satellite precipitation products
under diverse climate conditions in Iran. Hydrol. Sci. J. 61, 420-440.
https://doi.org/10.1080/02626667.2014.987675.

Lad irloT g (53 y40li  dolibias

VYO



e e

- Mobarak Hassan, E., Saadatabadi, A., Fattahi, E. (2020). Dust Investigation by
MERRA-2 / NASA Model in Iran: (during 2007-2017), Soil and Water Research,
51(9): 2203-2219. (In Persian)

- Mohammadi, Z., Lashkari, H. (2018). The Role of Topography in Intensification of
Precipitations in the south and South-west of Iran (Case Study:3 December 2015),
Physical Geography, 11(40): 17-33. (In Persian)

- Mosaffa, H., Shirvani, A., Khalili, D., Nguyen, P., Sorooshian, S. (2020). Post and
near real-time satellite precipitation products skill over Karkheh River Basin in Iran.
Int. J. Remote Sens. 41, 6484-6502.
https://doi.org/10.1080/01431161.2020.1739352.

- Mousavi Dehghani, A. M., Gohari, A., Zareian, M. J., & Haghighi, A. T. (2023). A
comprehensive evaluation of the satellite precipitation products across Iran. Journal
of Hydrology: Regional Studies, 46, 101360.

- Naghavi, M., Alijani, B., Akbari, M and Fattahi, A. (2022). Correlation between
topographical indicators and widespread rainfall in Alborz mountainous region,
Iranian Geographical Association, 19(68): 51-67. (In Persian)

- Nezafat, A., Moridi, A., Gorjizadeh, A., Yousefi, H. (2021). Evaluating the
Performance of Precipitation Products Taking into Account the Climatic and
Topographic Conditions across, Iran Water Resources Research, 17(2):62-81. (In
Persian)

- Nozarpour, N., Mahjoobi, E., Golian, S. (2022). Performance Evaluation of TRMM-
3B43-V7 and PERSIANN-CDR Monthly Precipitation Products in Different
Climatic Regions of Iran, Iran-Water Resources Research, 18(1): 227-242. (In
Persian)

- Omonge. P, Schulz.K, Olang.L and Hemnegger.M. (2021). Evaluation of satellite
precipitation for water allocation studies in the Sio-Malaba -Malakisi River Basin of
East Africa, Journal of Hydrology Regional Studies, 1:43.

- Paridad, P., Farid Hosseini, A. (2016). Extraction of precipitation values by merging
TRMM(TMI) and MSG-SEVIRI TIR data, The first national conference on remote
sensing and geographic information system in earth sciences, Shiraz, Iran. (In
Persian)

- Pooralihosein, S., Massah Bavani, A. (2013). Risk analysis and assessment of
impacts of climate change on temperature and precipitation of East Azerbaijan in
2013-2022, Earth and Space Physics, 39(4): 191-208. (In Persian)

- Qi.W, Zhang.C, Fu. G, Sweetapple.C and Zhou.H. (2016). Evaluation of global fine
resolution precipitation products and their uncertainty quantification in ensemble
discharge simulations. Hydrology and Earth System Siences, 920(12):903-920.

- Qin, Y., Chen, Z., Shen, Y., Zhang, S., Shi, R. (2014). Evaluation of satellite rainfall
estimates over the Chinese Mainland. Remote Sens 6, 11649-11672. https://doi.
0rg/10.3390/rs61111649.

- Rahimi.J, Ebrahimpour.M and Khalili.A. (2013). Spatial changes of extended De
Martonne climatic zones affected by climate change in Iran. Theoretical and Applied
Climatology. 112(3-4): 409-418.

- Raispour, K., khosravi, Y. (2021). Long-term monitoring of the concentration of
carbon black pollutants in Iran using NASA/MERRA-2 base model data,
Environmental Scienses, 19(3):99-122. (In Persian)

- Rasouli, A., Erfanian, M., Sari sarraf, B., Javan, k. (2016). Comparative evaluation
of TRMM estimated rainfall and recorded rainfall of ground stations in Urmia Lake
basin, Geographic Space, 16(54): 195-217. (In Persian)

Lad irloT g (53 y40li  dolibias

VY5


https://doi.org/10.1080/01431161.2020.1739352
https://www.iwrr.ir/article_133343.html?lang=en

- Rasoulzadeh, A., Mahmoudi Babolan, S., Nastarani Amoghin, S. (2023). Spatio-
temporal Evaluation of Satellite Precipitation Products in Northwestern Iran, Soil
and Water Research, 53(9): 1241-1260. (In Persian)

- Rivera, J., Marianetti, G., Hinrich, S. (2018). Validation of CHIRPS precipitation
dataset along the Central Andes of Argentina, Atmospheric Research, 213: 437-449.

- Rostamzadeh, H., Rasouli, A., Vazifeh Doost, M., Maleki, N. (2020). Comparative
comparisons of precipitation obtained from TRMM, GPM and Doppler radars with
ground station data (Case Study of Surface Wave from October 26 to 28, 2015 in
Western Iran), Climate Research, 10(38): 49-61. (In Persian)

- Shahbaee Kotenaee, A., Asakereh, H. (2019). Spatial analysis features of Autumn
rainfall in North West, Geographic Space, 19(65): 247-267. (In Persian)

- Taghizadeh, E., Ahmadi-Givi, F. (2018). Evaluation of GPM precipitation products
and mapping soil moisture using SMAP data in the northwest of Iran, Geophysics,
12(3): 70-86. (In Persian)

- Tang, X., Li, H., Qin, G., Huang, Y., & Qi, Y. (2023). Evaluation of satellite-based
precipitation products over complex topography in mountainous Southwestern
China. Remote Sensing, 15(2), 473.

- Viet, T., Van, T., Tin, D., Hieu, H., Dinh Tuan, N and Hung, N. (2013). Geoheritage
values of the Dong Van Karst Plateau Geopark: A quantitative geomorphological
and topographic analysis, Bulletin of the Geological Society of Malaysia, 59: 13 —
17.

- Yoo, S., & Ahn, K. H. (2023). Understanding extreme precipitation scaling with
temperature: insights from multi-spatiotemporal analysis in South Korea.
Environmental Research Letters, 18(12), 124032.

- Zhang, X., Zwiers, F. W., Li, G., Wan, H., & Cannon, A. J. (2017). Complexity in
estimating past and future extreme short-duration rainfall. Nature Geoscience, 10(4),
255-259.

- Zhang, Y., Wu, C., Yeh, P., Li, J., Hu, B., Feng, G., Jun, C. (2022). Evaluation and
comparison of precipitation estimates and hydrologic utility of CHIRPS, TRMM
3B42 V7 and PERSIANN-CDR products in various climate regimes, Atmospheric
Research, 265:105881.

Lad irloT g (53 y40li  dolibias

AAaY%



	1. مقدمه



